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AERONAUTICAL SYMBOLS
1. FUNDAMENTAL AND DERIVED UNITS

Metric English
Symbol
Unit Symbol Unit Symbol
Length_____ i meter__ . _____________ m foot (or mile) .__ ____._ ft. (or mi.)
Time ... .- t second - - oo eee oo s second (or hour).._____ sec. (or hr.)
Force______ F weight of one kilogram.__.._ kg weight of one pound-.._|{ 1lb.
A
Power__.____ P kg/m/s - oo horsepower. - ..____-_ hp
Speed {km/hr ____________________ k.p.h. mi./hr. . m. p. h.
Peed- - ool oo 4 V£ SRS U nm. p.s. ft.fsee. oo f.p.s.

2, GENERAL SYMBOLS, ETC.

W, Weight, =mg
g, Standard acceleration of gravity =9.80665
m/s?=32.1740 ft./sec.?

m, Mass, =—gf

p, Density (mass per unit volume).

Standard density of dry air, 0.12497 (kg-m™*
s?) at 15° C and 760 mm=0.002378 (lb.-
ft.”* sec.?).

Specific weight of ‘“standard” air, 1.2255
kg/m®=0.07651 Ib./ft.3

mk?, Moment of inertia (indicate axis of the
radius of gyration, k, by proper sub-

script).
S, Area.
S, Wing area, etc.
G, Gap.
b, Span.

¢, Chord length.

b/c, Aspect ratio.

f, Distance from C. G. to elevator hinge.
g, Coeflicient of viscosity.

3. AERODYNAMICAL SYMBOLS

¥, True air speed.

¢, Dynamic (or impact) pressure=:;pV2
L, Lift, absolute coefficient C, =q;LS'

D, Drag, absolute coefficient Cp= é%

O, Cross-wind force, absolute coefficient

o C
°= ¢S ]

R, Resultant force. (Note that these coeffi-
cients are twice as large: as the old co-
efficients L, De.)

%, Angle of setting of wings (relative to thrust
line).

4, Angle of stabilizer setting with reference to
thrust line.

v, Dihedral angle.

pEaReynolds Number, where I is a linear
dimension. ‘

e. g., for a model airfoil 3 in. chord, 100
mi./hr. normal pressure, 0° C: 255,000
and at 15° C., 230,000;

or for a model of 10 cm chord 40 m/s,
corresponding numbers are 299,000 and
270,000.

C,, Center of pressure coefficient (ratio of
distance of C. P. from leading edge to
chord length).

B, Angle of stabilizer setting with reference
to lower wing, = (t;—1yp).

a, - Angle of attack.

¢, Angle of downwash.
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PRESSURE DISTRIBUTION OVER A THICK, TAPERED AND TWISTED MONOPLANE
WING MODEL—N. A. C. A. 81-J

By Carr J. WENZINGER

SUMMARY

This report presents the results of pressure distribution
tests on a thick, tapered and twisted monoplane wing
model.  The investigation was conducted for the purpose
of obtaining data on the aerodynamic characteristics of

the new wing and to provide additional information swit- !

able for use in the design of tapered cantilever wings.
The tests included angles of attack wp to 99 degrees and
were made in the Atmospheric Wind Tunnel of the
National Advisory Committee for Aeronautics.

The span loading over the wing was approximately of
elliptical shape, which gave rise to relatively small bend-
ing moments about the root. The angle of zero Lift for all
sections along the span varied only within + 0.4 degree of
the angle of zero lift for the whole wing, resulting in small
leading edge loads for the high-speed condition of flight.
The results also add to the available information for the
study of stability at large angles of attack.

INTRODUCTION

The structural design of airplane wings calls for a
knowledge of the manner in which the air loads are
distributed over the wing as well as the magnitude of
the total loads. Standard load distributions, for
example, such as are specified by the Department of
Commerce, are only approximate, and while wings
designed according to these loadings may be generally
safe, they are doubtless often heavier than need be.
It is, therefore, desirable to know more exactly the
actual load distribution over a given type of wing if
minimum weight is to be obtained.

The increasing amount of interest in cantilever
monoplane wing systems has furnished the basis for
an extensive pressure distribution investigation made
in the Atmospheric Wind Tunnel of the National
Advisory Committee for Aeronautics. Several models
of tapered wings suitable for internal bracing have
previously been tested and the results published
(Reference 1). The results of these tests indicated
that further improvement in aerodynamic and geomet-
ric features were desirable, and in consequence, a new
tapered wing was designed.

Tt was desired to produce a wing having the following
characteristics:

1. Relatively small bending moments at the wing
root.

2. Equal length spars.

3. Reduced leading edge loads, for the nose dive
condition.

4, High maximum lift.

5. Minimum induced drag for any given lift and
aspect ratio.

This new wing, designated as the N. A.C. A. 81-J (see
fig. 1), was developed from the following considerations:

A linear taper having a ratio of tip to root of 0.5, in
plan form, provides for approximately elliptical span
loading, and causes the lateral center of pressure to
move nearer to the center of the span, thereby giving
relatively small bending moments about the wing root.

The wing tip was shaped so as to provide for good
load distribution and to enable the use of spars of equal
length.

In order to reduce the loads on the leading edge of the
wing, particularly in the nose dive condition of flight,
the wing was to be given a geometric washin so that all
sections along the span would be at zerolift simultane-
ously. If the sections also stalled at approximately
the same angle of attack, then a maximum over-all
lift would probably be attained as well.

High maximum lift was further assured by making
the wing root and tip profiles of the Joukowski type,
which profiles were developed by the method given in
Reference 2. These profiles were slightly modified,
however, by thickening the trailing edges somewhat.

The elliptical span loading previously referred to is
also the theoretical condition for minimum drag of the
wing, so that from a consideration of the foregoing, it
can be seen that probably a good compromise would be
effected in obtaining a wing with the desired charac-
teristics.

Preliminary tests on a model of the new wing
indicated an insufficient amount of twist had been
provided at the tips to satisfy the zero lift conditions.
A second model was, therefore, built with a greater
geometric washin, but otherwise the same as the first
model. The results of pressure distribution tests on
this latter model of the new wing are presented in
this report for angles of attack up to 90°. These

3




4 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

results add to the available information for the design
of tapered monoplane wings, and for the study of
stability at large angles of attack.

Attention is invited to the difference between the
aerodynamic and the geometric washin. The present
wing at zero lift has a fairly large geometric washin
which corresponds, however, to zero acrodynamic
washin.

MODEL AND APPARATUS

The airfoil used in these tests was a half-span model,
and was tapered in thickness and plan form, with &
geometric wash-in at the tip of 6°45. (See fig. 1.)
It was constructed of laminated mahogany, the ordi-
nates being held accurate to within +0.01 inch of those

assumption being made that the imaginary plane of
symmetry of a wing cdn-be replaced by an actual
plane surface without changing the flow. If'the separa-
tion plane is sufficiently large, it is then possible to
remove hall of the wing and to replace it by the
pressure leads and support for the remaining half.
Figure 2 shows the airfoil and separation plane set up
in the tunnel. The airfoill was mounted on a turn-
table fitted with an extension outside of the tunnel
test section {or changing the angle of attack.
Pressures at the various orifices were indicated as
heads of alcohol by two liquid multiple manometers.
Rubber tubes connected the manometers to the small
brass nipples extending from the wing. All of the
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FiGurRE 1.—N. A. C. A. 81-J pressure distribution wing

specified in Table 1. The tip was first made straight,
and then carefully shaped to the dimnensions shown.

For purposes of pressure distribution testing, 37
pairs of small brass tubes were built into the airfoil,
one tube of each pair opening as an orifice in the
upper surface, and the other tube opening in the lower
surface. The tubes extended down through the wing
butt and terminated in small brass nipples. Six
tubes were found to be defective after testing for leaks
and these are indicated on Figure 1. The pressures
indicated by them were not used, but the values of
pressure heads have been interpolated at these loca-
tions.  Orifice locations around the profile and the
spacing of the orifice groups along the span are shown
in Figure 1, and given in Table I1.

The tests were made in the Atmospheric Wind
Tunnel (Reference 3), on the half-span model mounted
vertically on a horizontal ‘“‘separation’” plane, the

upper surface orifices were connected to one mano-
meter, and those of the lower surface to the other.
Two tubes of each manometer were connected to a
static pressure plate in the wall of the tunnel test see-
tion just ahead of the model, for obtaining a reference
pressure. Figure 3 shows the manometers, the rubber
tubes leading from them to the wing, and the model
support extension for changing the angle of attack.
The model and separation plane, as well as the fairing
enclosing the pressure tubes in the tunnel, are also
partiallv shown.

Photographic records of the various pressures were
obtained by placing a sheet of photostat paper behind
the ¢lass tubes of cach manometer and flashing a 25-
watt light located about 5 feet in {ront of each. The
pressures on the upper and lower surface of the airfoil
for one angle of attack are shown in the sample record, -
Figure 4.




PRESSURE DISTRIBUTION OVER A MONOPLANE WING MODEL 5

TESTS

A few preliminary .tests were made for purposes of
adjustment and calibration. Since the air flow is

somewhat retarded close to the surface of the sepa-

ration plane, it was necessary to compensate for the
decrease in velocity. This was accomplished by in-
clining the leading edge of the plane, which consisted
of a hinged flap 5% inches wide, until vertical velocity
surveys made about 1 foot upstream from the model
showed a satisfactory dynamic pressure distribution.

and index on the wing support extension (see fig. 3), and
allowing about a minute for the manometers to reach
equilibrium. Then the photostat paper was placed in
each manometer and an exposure of about one second-
was made. The paper was then removed, and the
process repeated for another angle of attack. Check
records taken during the tests indicated an accuracy
in measured pressure heads of within + 1.0 per cent.

The pressure distribution tests were made at angles
of attack ranging from —11° to +90°. Throughout

F16URE 2.—Airfoil and separation plane set-up in tunnel

The model was set at the angle of attack of zero
lift for these surveys, and it is fairly certain that the
flow past the tunnel test section would be practically
the same with the model removed. A Pitot-static
tube installed permanently in the tunnel, sufficiently
far upstream from the model to be unaffected by it,
was then calibrated against the integrated mean of the
final survey (fig. 5), and used as a dynamic pressure
reference.

In testing the wing, it was necessary to set accur-
ately the initial angle of attack. This was done by
means of an optical system, which included a light
source, lens, and indicating screen mounted on the
side of the tunnel test chamber, and a mirror placed
on the model parallel to the chord of the root section.
The index on the wing support extension was then
set according to the zero setting of this system. »

The test procedure consisted of setting the angle
of attack of the wing by means of the two handles

the tests the dynamic pressure was maintained con-
stant at 6.47 pounds per square foot, corresponding
to an air speed of about 50.3 m. p. h. The average
Reynolds Number was 283,000 with the mean wing
chord as the characteristic length.

RESULTS

The results are given in Tables III, IV, and V in
terms of the coefficients of relative load, normal force,
and pitching moment, for each test séction. Table
VI gives the coefficients of normal force, lateral center
of pressure, bending moment, pitching moment, and
longitudinal center of pressure, for the whole wing.
The results are also presented in graphical form as
follows:

Figure 7. Section normal load coefficient versus
angle of attack, K versus o.

Figures 8a and 8b. Span load diagrams, K versus
span.




Figures 9 to 15. Isometric total normal pressure |
diagrams, including C. P. loci.

Figure 16. Angles of zero Cyr for each test section.

Figure 17. Total normal force coefficient versus
angle of attack, Cyr versus a.

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONATUTICS

The results are presented without corrections for
tunnel wall and blocking effects. wlich have not been
evaluated up to the present for set-ups of this type, a
cross-sectional diagram of which is given in Figure 6.
However, these tests are comparable with tests of the

1

£

FicUurE 3.—Manometer installation

Figure 18. Total lateral center of pressure coeffi-
cient versus angle of attack, C,, versus a.

Figure 19. Total bending moment coeflicient versus
angle of attack, O, versus a.

Figure 20. Total pitching moment coefficient versus
angle of attack, C;; versus a.

Figure 21. Total longitudinal center of pressure
coefficient versus angle of attack, €, versus a.

earlier wings given in Reference 1. When interpreting
the results in terms of the full scale airplane, considera-
tion should also be given to the low Reynolds Number
at which the tests were conducted.

The results as presented in graphic and tabular form
may be relied upon to within +3 per cent.

Actual pressure diagrams at each anele of attack were
obtained by scaling values of the liquid heights from the
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photostats, plotting them on cross-section paper at their
correct positions alomg the chords of the airfoil, and
fairing a closed curve through the points. These dia-
grams were then integrated for area, and for moments
about the leading edge for each section.
integrations gave an accuracy of within +2 per cent
for final values of areas and moments.

Check !

’ that used in a previous report (Reference 1), and was
obtained as follows:

K= Cypx c}}ord
semispan

This form of coefficient was necessitated by the fact

! that Cypr does not represent the loads along the span

. on account of the changing chord of the wing.

<
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FIGURE 4.—Sample pressure record—N. A. C. A, 81-J airfoil a=+3°

Values of normal force coefficients, Cyr, for the
various sections were calculated from the faired dia-

grams as follows:
Owe= 3
where
A=integrated area of the pressure diagram,
c=length of the diagram,
g=dynamic pressure, expressed as a head of the
manometer liquid.

The relative normal loadings at the various test sec-
tions, expressed in nondimensional form, are given in
Figures 7, 8a, and 8b. The coefficient is the same_as

The distribution of the total pressures acting normal
to the chord at each section for a given angle of attack
has been plotted on isometric plan views of the wing,
Figures 9 to 15. Lifting pressures are plotted upward
and a pressure scale in terms of ““¢”” is included on each
figure. These diagrams also contain curves of centers
of pressure along the span.

Values of total Cyr have been plotted for each angle
of attack as shown in Figure 17. These total coeffi-
cients were obtained as follows:

A’

ONF= —S

19
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where

A’=area of the semispan load diagram. (The
integrated area of each section load was
plotted versus semispan, and the final
curves integrated for total area),

S=total area of the wing,

g=dynamic pressure expressed as a head of the

manometer liquid.

The lateral C. P., Figure 18, was obtained by plot- |

ting areas of the section pressure diagrams versus
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FiGURE 5.—Dynamic pressure survey (final)

semispan, integrating for area and for moments about
the root, and then dividing the moment by the area.
These values are given in per cent semispan from the
wing root.

The bending moments about the wing root, Figure
19, have been calculated in coefficient form by the
product of the total normal force coefficient and the
lateral center of pressure coefficient as follows:

OLI = C’NF>< Opyy

from which

or

|

{
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where

L’ =bending momen’t about-the root,
b=span of the wing,
S=total area of the wing,
q=dynamic pressure,

all in consistent units.
Total pitching moment coefficients, Figure 20, were
obtained from

£
OM =

where
A’ =area of semispan moment diagram. (The
integrated pitching moment about the
leading edge of the root section extended
was plotted for each section versus semi-
span, and the final curve integrated for
total area.)
¢=chord of root section,
S=total area of the wing,
q=dynamic pressure, expressed as a head of the
manometer liquid.

The total longitudinal center of pressure coefficients,
Figure 21, were obtained by dividing the total pitching
moment coefficients C; by the total normal force
coefficient Cyp. Results are given in per cent root
chord from the leading edge of the root section.
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Separation
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| 970700550775
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F1GURE 6.—Cross section of tunnel set-up
DISCUSSION

The loading on the tip section, “A,” is relatively
light as may be seen from Figure 7, while the section
loading gradually increases from tip to root. The
span load distribution, Figures 8a and 8b, is seen to
approach the desired elliptical shape, which is also
the condition for minimum induced drag of the wing.
The actual load distribution for a full scale wing of
this design may be obtained after determining the
loadings at various points along the span by the
following relation:

(1)

Load per unit span = K X ¢ X semispan
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A few representative isometric pressure diagrams,
presented in Figures.9 to 15, are of interest in that
they show the distribution of the total pressures acting
normal to the test section chords of the wing. The
angles of attack below the stall, Figures 9, 10, and 11,
were chosen so as to show the loadings for three stand-
ard design conditions, i. e., nose dive, low angle of
attack, and high angle of attack. Figures 12 to 15
give a general idea of conditions above the stall up to
90°.

Since one of the objects to be attained with the new
wing was that all sections along the span should reach

|
i

11

angle of attack range for the wing if the greater twist
is used.

The normal force characteristics of the wing as a
whole are given in Figure 17. A maximum value of
Oyr of 1.33 was obtained at «=8.5°. Since the coeffi-
cients of normal force and of lift for a given wing are
practically of the same magnitude up to the angle of
maximum lift, the value of Cyr=1.33 represents a
relatively high lift coefficient for this wing. To deter-
mine the normal force NF, for a given wing, the fol-
lowing expression should be used:

zero lift simultaneously, reference to Figure 16 shows 1 NF=¢ S Cup (2)
. T3
High angle of
aftack condition

+ 2
8]
)
S
R
Q@

29.2% T 0

,/
r/
e -/
e .
/ <<<\
# o 29.3%
,/ 04,
,/
,/
£ é&%

\ {
|
|

' |
«=8° 15) .
Gra%
¢ 40.4%
B
A
FIGURE 11.—Total normal pressure distribution

the degree to which this has been accomplished.
The angle of zerolift of each section lies within - 0.4°
of the angle of attack of zero lift for the whole wing.
This may be considered to be a sufficiently close
approximation to the above desired condition.

It can be seen, however (fig. 16), that an additional
washin of about 0.8° would probably give still better
results with this wing. The total washin would then
be 7.55° at the tips, which is a fairly close check on the
theoretical value of 7.75° as calculated by the method
given in reference 4. It should be noted, however,
that the span loading and bending moments might be
changed appreciably from those shown in the low

The lateral €. P., Figure 18, lies at about 43 per
cent of the semispan from the wing root up to the

“angle of maximum lift, ¢=8.5°. It then moves slightly

toward the root and then outward to an average of
about 45 per cent semispan for angles of attack
ranging from 20° to 90°.

The bending moments about the wing root in coefli-
cient form shown in Figure 19 apply only to a full
cantilever wing. To evaluate the bending moments,
L', about the root for the full scale wing, use should be
made of the following:

i ®)
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FIGURE 13.—Total normal pressure distribution
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The total pitching moment coefllicients, Figure 20,
and longitudinal €. P. travel, Figure 21, are included
to facilitate determination of the longitudinal stability
and balance characteristics of the wing. The total

éf-I_/gc .

P

Zer-o,

—//°

Section angle of

FioUure 16.—Angle of zero Cwr for each section

pitching moment about the leading edge of the root
section extended may be obtained from the following:

M= qc S OM (4)
CONCLUSIONS

1. The span load distribution over the N. A. C'. A.
81-J wing is approximately of elliptical shape for the

201
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normal flying range, giving rise to relatively small
bending moments about the wing root.

2. All sections along the span of the wing reach zero
lift within 40.4° of the angle of attack of zervo lift for

ADVISORY COMMITTER

L

the whole wing, resulting in small loads on the leading

edge of the wing for the nose dive condition of flight.

3. An additional washin of 0.8° at the tip would
probably further improve the aerodvnamic properties
of the wing in the region of zero lift.
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Freure 18.—TLateral center of pressure coeflicient (total) versus angle of attack
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Fioure 19.—Bending moment coeflicient versus angle of attack
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4. A relatively high value of maximum lift coeffi-
cient, 1.33, has been attained with the wing.

LANGLEY MEMORIAL AERONAUTICAL LABORATORY,
NatioNar, Apvisory COMMITTEE FOR AERO-

NATUTICS,
LanxcreY FieLp, Va., May 21, 1930.
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TABLE I
ORDINATES

N. A. C. A. 81-J twisted and tapered monoplane wing

[The maximum ordinates of all sections lie in a horizontal plane when the root
chord line is horizontal. Ordinates and stations in per cent of chord.] i

|

Root section Tip section |
Stations | Upper | Lower | Upper | Lower

0.0 12.25 12. 25 3.06 3.06
1.25 15.76 8.00 3.94 2.00

2.50 17.10 6.75 4,28 166 '

5. 00 18.95 4.95 4.74 124
7.50 20. 25 3.65 5.00 0.91
10. 00 21.25 2.70 5.31 0.68
12. 50 21.94 1.98 5.49 0. 50
15.00 22,45 1.40 5. 61 0.35
17. 50 22.88 0.99 5.72 0.25
20. 00 23.15 0.68 5.79 0.17
22. 50 23.30 0.44 5.83 0.11
25.00 23.36 0.29 5.84 0.07
30. 00 23.97 0.08 5.76 0.02
35.00 22.45 0.00 5. 61 0.00
40.00 21. 62 0.05 5.41 0.01
45.00 20. 56 0.20 5.16 0.05
50. C0 19.25 0.45 4.81 0.11
55. 00 17.80 0.70 4.45 0.17
60. 00 16.20 0.94 4.05 0.23
65. 00 14.45 1.16 3.61 0.29
70. 00 12.61 1.36 3.15 0.34
75.00 10.70 1.49 2.67 0.37
80. 00 8. 68 1. 50 2.17 0.37
85. 00 6. 59 1.38 1.65 0.34
90. 00 4,45 1.00 111 0.25
95. 00 2.30 0. 52 0.58 0.13

100. 00 0 1] 0 0
TABLE II

. C. A. 81-J pressure distribution wing

A B C D E F
8 1 @ ® 3 8
S o 3}
a * “ * b= * b= * k=] * h=] *
= = f=I = =} =
o ] e} Qo o ]
1 32| 9 4.0 19 3.7| 31 2.7 45 2.0 59 2.6
2 4,110 3.61 2 3.3 32 2.8 | 46 2.4 | 60 2.6
3 13.3 | 11 1.6 | 21! 6.0 33 5.5 | 47 57| 61 7.7
4 14.2 | 12 11.8 | 22 6.0 34 5.5 48 6.2 | 62 7.8
5 23.5 | 13 21.8 | 23 11.3 | 35 10.4 | 49 13.3] 63| 13.6
6 24.4 | 14 21.8 | 24, 1L2| 36 10.6 | 50 14.0| 64| 13.9
7 33.7| 15 3.4 251 187 37 18.8 | 51 24.6| 65| 24.6
8 34.4 | 16 343 261 188} 38 18.8 | 52 25.0 | 66| 25.0
17 42.1| 271 3L5| 39 34.0| 53 39.6 | 67| 37.6
18 41.4 | 28 3.7 | 40 33.8 | 54 40.0 | 68| 37.7
29 47.0 | 41 49.0 | 55 56.8 | 691 55.5
30« 46.8 1 42 48.4 | 56 56.5 | 70| 55.4
43 59.0 | 57 72.2 1 71| 75.6
44 58.5 | 58 7.5 72| 75.0
73| 90.7
74| 90.0

*Per cent of root chord from L. E. of each section.
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TABLE III

Section relative load coefficients,

Chord 3
K=CyrX Semispan

N. A. C. A. 81-J tapered wing

i \' ! 1
o A B ' C D E | F J
—11° | —0.0035 | —0.0081 —0.0011
—10° | 4+.0018 | —+.0035 +. 0260
—ge 0047 £0104 - 0590
—g° -0296
—3° L0575
0° L0895 |
+3° 135 :
6° 179 |
8° L9224
11° 194
12° L 166
13° .158
140 157
15° 154
16° 146
18° 151
20° 143
220 144
26° 143
300 143 |
351 136 | ;
40° | .152 | 1
50° 1 167
60° . .166
§0° 172
0° . 164
90° 165 |
|
TABLE IV
Section normal force
coefficients. Cnr
N. A. C. A. 81-J tapered wing
P A B | C D |
—11° | —0.0182 —0.0348 | —0.0604 | —0.0136 | —0.
—10° | 40091 i +.0149 | -+ 0157 | -+ 0390 |
—g° . 0242 L0447 L141 L128 .
—6° 1154 .246 347 . .
—3° . 299 .415 .536 . L6
0° 602 .75l . . K
+30 751 992 1.0 L i
6° . 967 1114 1.3 1.3 :
5e 1.076 1143 1. 1,47
11° 1.064 1. 154 . 1 :
120 1.034 1.060 . K
13° . 989 1.036 . .
14° L 959 102 . .
15° . 959 1.033 . .
16° .934 1,013 . .
18° 994 1.060 . .
20° L9356 1.029 . . :
290 .75 .951 1.046 . .8 ,
26° . L9081 1119 1.08 .
30° .743 1005 1.141 1. 14 1.0:
35° 814 1118 1.232 1.2 1.
40° .790 1.142 1.272 1 1
50° -868 1,244 1.370 145 1. 33 :
60° 865 1+ 1.271 1. 460 i I :
70° -895 1.339 1495 | 1056 L: !
80° .853 1. 350 1.480 1 L. 4
90° -850 1.318 1454 1.55 1. 4¢
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TABLE V

Section pitehing nibment
coefficients Cy
[About leading edge of root section extended)

N. A. C. A. 81-J tapered wing

]
o A B c D E F
~11° | ~0.017 —0.086 —0.113 !
—10° | —.014 —. 102 —
—9° i~ 039 | —. - -
—6° 1 —.034| —. - —
—3° 0 —®7T| -—. - —
0°| —157| - - —
+3° 0 —.255 | - - —
6° 1 —.381| —. -
80| —.470 | . -
11° ] — 408 | . -
12°0  —.356 [ —. -
1300 3331 — -
4o —319 | —. -
15° 0 —.316 | — -
16°F —.316 | —. -
18° | —.308 | —. -
2000 —291 | —. -
220 | —.305| —.301 -
26° | —.207 | —.406 -
30° | —.311| —.438 -
35° | —.330 | —.476 -
4001 —.322 0 —. 401 -
5000 —.364 ! —.BAT -
60° 1 —.378 | —.5%7 -
T0° 1 —. 431 | —.644 -
80° |  —.431 | —.699 -
00° | —.445 | —.601 -
TABLE VI
Total wing coefficients
N. A. C. A. 81-J tapered wing
i ng c
, ’ P
« | Cnr % Cu O o Root e
i
| —11° —0.021 —0.0158 —0.071
| —10° +. 050 +. 0168 -
g0 .130 L0541 -
[ -6 -387 -
] —3: gi& -
P 0 . 845 -
Lo 1.040 -
| 6° 1. 250 -
| 9° 1.323 -
11° 1157 -
120 1.051 —
1 13° 1.033 | -
14° 1.010 -
15° .985 -
16° . 909 -
18° .872 | I
20° .864 | -
22° .805 —.
26° 987 —
Co30° 1049 | —
35° 1161 | -
40° 1.209 | -
50° 1.351 - i
60° 1. 422 - ‘
70° 1.472 - i
809 1.486 - |
90° 1. 488 - !
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Positive directions of axes and angles (forges and moments) are shown'by arrows °

Axis . Moment about #ﬁié L © Angle | , * Velocities
: Force - ey b - — : ‘ - : ‘
. ”(5:?;32)1' JUNRE A SRR I Lmear L .
S Sym- Designa- | Sym- |- * Positive. " | Designa- | Sym-| (compo- | !
Designation. | SY1" | symbol | DHe® | 07| girection | - Gon | ol | nglt along | Angular |
: : : . R : iy AR ‘axis) o
’“Long‘itudinal___‘ X X .| rolling_.-.. 4 L Y—rs Z | roll .| @ ‘u : p
Lateral_.____..} Y Y pitehing....| M | Z——> X | piteh._._. o v g
Normal . ___.___ z Z yawing__._:| N X—————»Y Lyaw. oo ¥ w T
Absolute coefficients of Iﬁdment L AT Angle of set of control surface (rela,tlve to neu-
.= L Cue M N U tral position), 3. (Indwate surface by proper
LTS o M qeS qu subscnpt) : *
' : IR PROPELLER SYMBOLS .
D, Diameter. - IR T, Thrust
p., Effective pitch. o Q, ‘Torque.
' ps Mean geometric pitch. L P Power. ; : o
_ ps, Standard pitch. co S o “coeﬂiclents” are introduced a.ll .
Doy  Zero thrust. ‘ L, units used must be consnstent)
Do, ZLero torque. S o S, ‘Efficiency = T’ V/P.. e
p/D, Pitch ratio. = . ¢ .m Revolutions per sec., I. p:s. =
V’/, Inflow veloclty SEECEIA ' N, Revolutlons per mmute, r. p m.’
V., Slip stream velocity. . @, Effective helix anorle mn“ (2 )
5. NUMERICAL RELATIONS - o
1 hp=76.04 kg/m/s=550 Ib./ft./jsec. ~ - 11b.=0.4535924277 kg
1 kg/m/s=0.01315hp = . 1 kg=2.2046224 b, . -
1 mi./hr.=0.44704 m/s CL h 1m1‘—1609 35 m =5280 ft.

'1m/s=2.23603 mi./hr. © ' 1m=32808333 ft. -




